Objective: Stroke thrombolysis may have a differential effect by sex. We sought to examine the relationship between sex and outcome after thrombolysis.
acute care institutions in 8 Canadian provinces. All participating institutions were tertiary care centers, with expertise in stroke care and with the capacity to administer thrombolysis.
Standard protocol approvals, registrations, and patient consents. In these first 2 phases of the RCSN, informed consent from the patient or surrogate was required for data collection, and was obtained in all patients included in the registry. This comprised approximately 40% of eligible patients. 7 The common reasons for inability to obtain consent were 1) the patient died before consent could be obtained; 2) language barrier; 3) unavailability of a surrogate decision-maker. The RCSN is not registered on any international trial registries.
Data were collected prospectively by trained neurology research nurses through chart review and patient and provider interviews, using laptop computers and custom software. Information on pre-hospital, emergency department, and inhospital care was collected. Baseline stroke severity was captured using the Glasgow Coma Scale (for unconscious patients) and the Canadian Neurological Scale score (for conscious patients). Follow-up telephone interviews were performed at 6 months after the index stroke event to collect information on outcomes including functional status and quality of life. 7 For the present analysis, the cohort was limited to patients with a final diagnosis of ischemic stroke. At each site, the protocol was reviewed and approved by the local research ethics board.
The primary outcomes were the Stroke Impact Scale-16 score 8, [9] [10] [11] [12] [13] [14] [15] [16] and mortality at 6 months. Secondary outcomes included in-hospital mortality as well as length of hospitalization and discharge disposition. For the SIS-16, a good score was defined as a score Ն75 points, which is equivalent to independent function or a modified Rankin Score (mRS) of 2 or less. 8 We divided patients into those who received and those who did not receive thrombolytic therapy and compared the outcomes. We examined the data for a thrombolysis-by-sex interaction on the 2 primary outcomes using unconditional logistic regression analysis. We considered p Ͻ 0.10 for the interaction term as indicative of statistically relevant evidence. Main effects variables were assessed at the customary p Ͻ 0.05 level. Sex, age, stroke severity, and onset-to-treatment time were included in the model to adjust for known prognostic variables. Statistical analyses were performed using SAS 9.1.
RESULTS
The overall cohort included 2,113 patients, 43.5% of whom were female. Of these, 232 (11%) were treated with thrombolysis. Compared to those who did not receive thrombolysis, patients who received thrombolysis were less likely to be on an antiplatelet therapy prior to admission, had more severe stroke, were more likely to be transported to the hospital by ambulance, and had faster onset-to-CT times. Clinical characteristics were similar in men and women, with the exception of slightly greater stroke severity, a lower prevalence of hyperlipidemia, and slightly lower mean hematocrit and blood glucose levels in women compared to men in both the thrombolyzed and nonthrombolyzed cohorts (table 1). In the thrombolysis cohort, women had slightly more severe stroke than men (median Canadian Neurological Score 5 for women vs 6 for men) (table 1) .
Overall, mortality and functional status at 6 months poststroke were similar in men and women (table 2) . Mortality in-hospital and at 6 months was slightly higher in the thrombolysis cohort compared to the nonthrombolyzed cohort but there was no difference in mortality between men and women within cohorts. In the group that did not receive thrombolysis, men were significantly more likely than women to achieve a good outcome (SIS-16 Ͼ75) at 6 months poststroke (70% vs 58%, p Ͻ 0.001). In contrast, men and women who received thrombolysis were equally likely to achieve a good outcome at 6 months. In a multiple logistic regression model, adjusting for age, stroke severity, and onset to emergency department times, we observed a significant interaction (p ϭ 0.054, Wald test) for the SIS-16 outcome and a nonsignificant interaction for 6-month mortality (p ϭ 0.722, Wald test). These results were not different when we forced (because there were slight baseline differences between cohorts) hyperlipidemia, glucose, and hematocrit as covariables into the model. Main effects of age and stroke severity were significant predictors of both SIS-16 Ͼ75 and 6-month mortality. In an exploratory model, no sex-by-thrombolysis interaction effect was seen for in-hospital mortality. DISCUSSION These data provide confirmatory evidence of a treatment-by-sex interaction in this cohort of patients routinely treated with thrombolysis. The direction of effect seen in this cohort study is identical to what has been previously reported: women fare poorly compared to men when not treated with thrombolysis, achieve outcomes similar to those seen in men when treated with thrombolysis, and thus have a larger absolute benefit from thrombolytic therapy. 3, 4, 10 Why women not treated with thrombolysis have worse outcomes than men is not well understood, but it has been observed in other cohorts. 11 What are the biologic differences that may account for this phenomenon? In our study, hyperlipidemia, hematocrit, and baseline serum glucose were numerically lower in the female cohort. Although these factors did not alter the multivariable regression results, preliminary preclinical evidence suggests that these factors may be relevant to thrombolysis. 12, 13 Other factors such as reduced thrombus burden, and therefore faster recanalization, have been suggested, but this has not been convincingly proven to date. [14] [15] [16] [17] [18] One other study of the GAIN trial has suggested no gender effect, but this study is potentially biased by the exclusion of rapid responders to thrombolysis. 19, 20 The response to thrombolysis might depend on the mechanism of stroke. Recanalization is seen more often in the fibrin-rich cardioembolic strokes than the platelet-rich thromboses on preexisting atherosclerotic lesions, because of the high affinity of tPA for fibrin. 21 Older women are more prone to cardio-embolic strokes due to an increased prevalence of atrial fibrillation. 22 However, in this study, atrial fibrillation was not seen more often in women than in men. Sex-related differences have been noticed in cardiovascular diseases as well consequent to the differences in the fibrinolytic status between men and women. 23 There was a significant increase in symp-tomatic middle cerebral artery involvement in female patients as compared to male patients in the WASID study; this could explain the greater benefit of thrombolysis in female patients, and a worse prognosis if not treated. 24 It is also possible that the impact is a social one. Whereas women may care for men, who tend to have stroke at a younger age, 31% of women are widowed compared to 7% of men at the time of stroke, and therefore they do not have a spouse who can act as a caregiver. 25 Poststroke depression is more common in women than in men, 26 and this hinders functional recovery.
The purpose of this analysis was to build further evidence to show a consistency of effect of the treatmentby-sex interaction. Consistency of effect is one of several factors that support a causal relationship. One limitation of our approach is that the methodology, a cohort design, is weaker than an examination of randomized clinical trial data. Despite the possibility of confounding by indication (patients who received thrombolysis were somehow different from those who did not, leading to differences in outcomes), the data are supportive of the proposed effect. Further work on understanding the relationship between sex and outcome after stroke is required. Abbreviations: SIS-16 ϭ Stroke Impact Scale-16 score; tPA ϭ tissue plasminogen activator.
